Background: Effective collaboration and teamwork is essential to providing safe hospital care. The objective of this study was to assess the effect of an intervention designed to improve interdisciplinary collaboration and lower the rate of adverse events (AEs).
I
N ITS SEMINAL REPORT, CROSSING the Quality Chasm: A New Health System for the Twenty-first Century, the Institute of Medicine characterized the current provision of health care as "more to know, more to manage, more to watch, more to do, and more people involved in doing it than at any time in the nation's history." 1(p.25) The description by the Institute of Medicine is particularly applicable to the acute care hospital setting, in which many patients experience adverse events (AEs). 2, 3 Although many AEs are not preventable, a large portion of those that are preventable are attributed to communication failures. [4] [5] [6] Communication practices [7] [8] [9] and interventions designed to improve teamwork have been studied in many clinical settings. [10] [11] [12] [13] [14] However, little research has focused on improving teamwork at the most common site of hospital care-medicalsurgical units. Several important and unique barriers to effective communication among health care professionals exist in these units: teams are large and formed in an ad hoc fashion and team membership is dynamic and dispersed. Physicians, nurses, pharmacists, and other team members typically care for multiple patients simultaneously and work in shifts or rotations, resulting in team membership variability (few patients have identical team membership) and instability (each team has members joining and departing). Research has shown that nurses and physicians in patient care units do not communicate consistently and they frequently are not in agreement regarding their patients' plans of care. 15, 16 Further-more, although physicians give high ratings to the quality of their collaboration with nurses, nurses consistently rate the quality of collaboration with hospital physicians relatively poorly. 8, 9, 17 Interdisciplinary rounds (also known as multidisciplinary rounds) have been used as a means to assemble team members in patient care units and improve collaboration regarding the plan of care. [18] [19] [20] Two recent articles reported on the use of Structured Inter-Disciplinary Rounds (SIDR), an intervention that combines a structured format for communication and a forum for daily interdisciplinary meetings. 21, 22 The intervention was well received by health care professionals and resulted in improved ratings of collaboration and teamwork from nurses. The goal of this study was to assess the effect of the intervention on the rate of AEs in a medical teaching unit.
METHODS

SETTING AND STUDY DESIGN
The study was conducted at Northwestern Memorial Hospital, an 897-bed tertiary care teaching hospital in Chicago, Illinois, and was approved by the Institutional Review Board of Northwestern University. The study was a controlled trial of an intervention, SIDR, regarding the rate of AEs in general medicine patient care units. One of 2 similar teaching service units was randomly selected for the intervention and the other served as a concurrent control unit. General medical patients were admitted to the study units by Northwestern Memorial Hospital bed assignment personnel in a quasirandomized fashion subject to unit bed availability. No other criteria (eg, diagnosis, severity of illness, or source of patient admission) were used in patient assignment.
Each medical teaching unit consisted of 30 beds and was equipped with continuous cardiac telemetry monitoring. Each unit was staffed by teaching-service physician teams consisting of 1 attending, 1 resident, 1 to 2 interns, and 1 to 2 third-year medical students. Attending physicians rotated into the study units in 2-week blocks and house staff rotated in 4-week blocks. The schedule and makeup of physician teams was created by the chief medical resident with no effort made to place certain physicians in specific study units. As a result of a prior intervention, teaching-service physician teams were localized to specific units in an effort to improve communication practices among nurses and physicians. 23 Both units had physician localization and similar structure and staffing of nonphysician health care professionals. Unidirectional alphanumeric paging was available to physicians and nurses on both study units, and all professionals used a fully integrated electronic medical record and computerized physician order entry system (PowerChart Millennium; Cerner Corporation, North Kansas City, Missouri).
INTERVENTION
Structured Inter-Disciplinary Rounds combined a structured format for communication and a forum for regular interdisciplinary meetings. A working group consisting of nurses, resident physicians, pharmacists, and the unit social worker and case manager met every other week during the 3 months before implementation to determine the optimal timing, frequency, format, and location for SIDR. Also, the working group finalized the content of a structured communication tool used during SIDR for newly admitted patients (eAppendix; http://www.archinternmed .com). This tool was modeled after prior research demonstrating the benefit of daily goals-of-care forms 11, 13 and ensured that important elements of the plan of care were discussed. Based on the working group's recommendation, SIDR took place each weekday at 11 AM in the unit nursing report room and lasted 30 and created a narrative summary for each potential AE identified. The physicians performing medical record abstractions received specific training for this study, including an overview of the study, definitions of terms, practice with data collection tools, and discussion of examples of AEs. We defined an AE as an injury due to medical management rather than the natural history of the illness.
Narrative summaries of potential AEs were reviewed in a masked fashion by 2 internal medicine physician-researchers (M.P.L. and N.K.) to determine the presence and preventability of AEs. Physician reviewers used a 6-point confidence scale similar to that used in prior research studies 3, [25] [26] [27] to rate the presence of AEs: 1 indicated no evidence that outcome was due to treatment; 2, little evidence that outcome was due to treatment; 3, outcome was possibly due to treatment but was more likely due to disease; 4, outcome was more likely due to treatment than to disease; 5, outcome was probably due to treatment; and 6, outcome was definitely due to treatment. We used a similar 6-point confidence scale to assess the preventability of AEs: 1 indicated virtually no evidence of preventability; 2, slight to modest evidence of preventability; 3, preventability not quite likely; 4, preventability more likely than not; 5, strong evidence of preventability; and 6, virtually certain evidence of preventability. 3, [25] [26] [27] We required a confidence score of 4 or greater for determination of the presence and preventability of an AE. Physician reviewers also classified AEs according to 4 levels of severity (life threatening, serious, clinically significant, or trivial). 28 An example of a life-threatening event is a nosocomial urinary tract infection that leads to septic shock. Serious events include those that lead to interventions or prolonged hospitalizations (for example, a pressure ulcer or a wound infection that requires debridement). Clinically significant events are more transient (for example, an adverse drug event causing transient abnormalities in laboratory test results). Trivial or insignificant events include minor injuries, such as pain at a venipuncture site. Finally, AEs were assigned to 1 of 10 prespecified categories. Both physician reviewers were experienced in medical record review methods to identify AEs and also received specific training for this study, including definitions of terms, practice with data collection tools, and discussion of examples of AEs. After independent review, the physician reviewers discussed any areas of disagreement and developed consensus ratings.
We assessed the performance of the initial stage of our medical record review method by conducting duplicate abstractions and consensus ratings for the presence and preventability of AEs for a randomly selected sample of 28 patients. The interrater reliability for identification of potential AEs was good (=0.73). The interrater reliability was excellent for the presence (=0.78) and preventability (=1) of AEs.
DATA ANALYSIS
Patient data were obtained from administrative databases and complemented the information from the medical record review. Demographic characteristics were compared using 2 and t tests for categorical and continuous data, respectively. Primary discharge diagnosis International Classification of Diseases-9 codes were grouped into diagnosis clusters using the Clinical Classification Software developed by the Healthcare Cost and Utilization Project (http://www.hcup-us.ahrq.gov /toolssoftware/ccs/ccs/jsp). Diagnosis clusters were then analyzed using 2 tests. We analyzed consensus ratings of AEs using several methods. We used 2 tests to compare the percentage of patients with 1 or more AE between the concurrent and historic control units. We also performed multivariable Poisson regression analyses to compare the rate of total and preventable AEs using the concurrent and historic control unit data. All models included patient age, sex, and race as covariates and the number of days in the study unit as the exposure variable. We used backward selection techniques for additional variables, including night admission, weekend and holiday admission, contact isolation status, payer, source of admission, case mix, Charlson comorbidity index (medical record-based), 29 and diagnosis related group weight (Medicare, 2008 version). Variables were retained in models at a P value of less than .1. Because some patients were initially admitted to the intensive care unit before transfer to the study units and owing to a concern that errors contributing to AEs may have occured before transfer, we repeated analyses restricted to patients initially admitted to the study units. The results were similar and therefore are not reported. We also evaluated the effect of clustering of physicians on study units by repeating models with standard errors robust to the clustering of patients within the data for each physician. We used separate models for the attending, resident, and intern physicians and for the team as a whole. Finally, we repeated analyses using attending physician status (hos- pitalist vs nonhospitalist) as a covariate. Results for these models accounting for differences in physician team makeup were similar and therefore not reported. All analyses were conducted using Stata version 10.1 (StataCorp LP, College Station, Texas).
RESULTS
CHARACTERISTICS OF PATIENTS
With few exceptions, intervention unit patients were similar to those in the concurrent and the historic control units ( Table 1) . More patients with acute renal failure and fewer patients with "other" diagnoses were admitted to the intervention unit compared with the concurrent control unit. More patients in the intervention unit were directly admitted and fewer were transferred from outside hospitals during the post-SIDR compared with the pre-SIDR period.
RATINGS OF AEs
Overall, 30 patients in the intervention unit (16.2%), 46 in the concurrent control unit (24.9%), and 49 historic control patients (26.5%) experienced 1 or more AEs (P=.04 and .02 for comparison of intervention unit with concurrent and historic control units, respectively). Patients in the intervention unit experienced a significantly lower adjusted rate of total and preventable AEs compared with the concurrent and the historic controls ( Table 2) . Specifically, the rate of AEs was 3.9 per 100 patient-days in the intervention unit compared with 7.2 per 100 patientdays in the control unit and 7.7 per 100 patient-days during the historic control period (incidence rate ratio [IRR], 0.54; P=.005; and 0.51; P=.001, respectively). The rate of preventable AEs was 0.9 per 100 patient-days in the intervention unit compared with 2.8 per 100 patient-days in the control unit and 2.1 per 100 patient-days during the historic control period (IRR, 0.27; P=.002; and 0.37; P=.02, respectively). Selected examples of preventable AEs are summarized in Table 3 . The low number of AEs rated as serious or life threatening precluded statistical analysis for differences in rates of events classified as serious or serious and preventable. Categories of AEs are shown in Table 4 . Adverse drug events accounted for the largest portion of AEs, followed by manifestation of poor glycemic control. The rate of adverse drug events was 1.6 per 100 patient-days in the intervention unit compared with 3.8 per 100 patientdays in the control unit and 3.5 per 100 patient-days during the historic control period (IRR, 0.42; P =.006; and 0.47; P =.02, respectively). The rate of AEs not categorized as drug related was 2.3 per 100 patient-days in the intervention unit compared with 3.4 per 100 patientdays in the control unit and 4.3 per 100 patient-days during the historic control period (IRR, 0.69; P=.22; and 0.53; P = .02, respectively). The low number of non-drugrelated AEs in each category precluded statistical analysis for specific differences in rates between the intervention and the concurrent units or the historic control period.
COMMENT
We found that patients hospitalized in a medical teaching unit using SIDR experienced a significantly lower rate of AEs compared with concurrent or historic controls. The effect was mainly explained by a reduction in the rate of AEs deemed to be preventable. We found a low number of AEs rated as serious or life-threatening, which precluded statistical analysis for differences in rates of events classified as serious or serious and preventable. Similar to the findings from prior research evaluating hospital AEs in medical patients, 3, 27 we found that adverse drug events were the leading cause of AEs, accounting for nearly as many events as all other categories combined.
Lemieux-Charles and McGuire 30 and Salas et el 31 have noted that team size, instability, and geographic dispersion of membership serve as significant barriers to teamwork. Geographic localization of physicians, which had been previously implemented by some members of our research team, 23 provided a foundation for the current intervention. Structured Inter-Disciplinary Rounds provided a means for facilitated, interdisciplinary discussion regarding the plan of care. Our intervention incorporated valuable lessons from prior research, including the role of leadership in shaping team culture and norms 30 and the need for input from frontline professionals in the design of interdisciplinary rounds. 18, 20 The intervention also included the use of a structured communication tool intended to prompt discussion regarding essential elements and to create a shared understanding regarding the plan of care. Similar tools, such as daily goals-of-care forms and surgical safety checklists, have been shown to improve team members' understanding of the plan of care 11, 13 and to improve patient outcomes.
14 The current study builds on prior research 22 that found that SIDR was well received by hospital professionals and significantly improved nurses' ratings of collaboration and teamwork. Notably, prior analysis found no effect on length and cost of stay but may have been underpowered in this regard. 22 Adverse drug events were the most common category of AE in our study and were significantly reduced by the intervention. The reduction in adverse drug events is notable, given the use of a fully integrated electronic medical record and computerized physician order entry system in the study units. Our findings support the benefit of including nurses and clinical pharmacists in medication discussions and are in agreement with prior research 32 showing a reduction in the rate of adverse drug events resulting from greater interaction between clinical pharmacists and patients' health care teams. Manifestations of poor glycemic control were the second most common category of AE in our study. Although the number of AEs in this category was lower in the intervention unit, the low number precluded statistical analysis. We hypothesize that extreme derangements in glycemic control may have been averted in the intervention unit because of enhanced communication between nurses and physicians regarding changes in diet, insulin management, and glucose testing.
Our findings are important because poor communication represents a major cause of preventable AEs in hospitals. 5, 6, 25, 33, 34 Higher ratings of collaboration and teamwork have been associated with more favorable patient outcomes in observational studies. [35] [36] [37] Recently, Kim and colleagues 38 reported an association between the use of interdisciplinary rounds and lower mortality among intensive care unit patients. To our knowledge, ours is the first study to report the effect of interdisciplinary rounds on patient safety-related outcomes in a non-intensive care unit setting.
Structured Inter-Disciplinary Rounds appears to be an effective strategy to promote values and practices con- The patient, who had recently undergone large-volume liposuction for morbid obesity, was admitted for postoperative hemorrhage. She was continued on her outpatient medications, including a tricyclic antidepressant, and treated with oral analgesics. She developed constipation on hospital day 4, requiring multiple cathartics.
Clinically significant
Adverse drug event Intervention unit pre-SIDR The patient, who had recently undergone a nephrectomy for renal cell carcinoma, was admitted for flank pain and fevers of uncertain cause. Pharmacologic prophylaxis for venous thromboembolism was not started on admission. The patient developed tachycardia and hypotension on hospital day 3, and a subsequent ventilation-perfusion lung scan showed high probability for pulmonary embolus.
Serious Venous thromboembolism
Control unit
The patient was admitted for alcohol withdrawal and became increasingly agitated and fell on hospital day 2 but sustained no injury related to the fall.
Clinically significant
Fall Intervention unit post-SIDR The patient was admitted with exacerbation of heart failure. At the time of admission, she had an indwelling urinary catheter placed. On hospital day 4, she developed fever, and urinalysis and culture results were consistent with urinary tract infection.
Hospital-acquired infection
Control unit
The patient, who had a history of atrial fibrillation and prior pulmonary embolus, was admitted with community-acquired pneumonia and treated for heart failure exacerbation. The international normalized ratio rose to 5.1 with antibiotic treatment, although no evidence of hemorrhage was found.
Clinically significant
Adverse drug event Control unit
The patient was admitted with exacerbation of underlying chronic obstructive pulmonary disease and was treated with corticosteroids. The glucose level rose to Ͼ400 mg/dL on hospital day 2 and remained elevated through hospital day 4.
Poor glycemic control Intervention unit pre-SIDR The patient, who had a history of peripheral arterial disease and diabetes mellitus, was admitted with fever. He had been taking half his prescribed long-acting daily insulin dosage before admission. On admission, he was prescribed the full dosage and had a glucose level of 48 mg/dL on hospital day 3.
Poor glycemic control Intervention unit pre-SIDR The patient, who had a history of multiple myeloma and prostate cancer, was admitted with urinary tract infection. A 3-cm stage I sacral pressure ulcer was discovered on hospital day 4. Abbreviation: SIDR, Structured Inter-Disciplinary Rounds. a Adjusted incidence rate ratios for adverse drugs events compared with control and intervention units pre-SIDR were 0.42; P =.006; and 0.47; P = .02, respectively. Adjusted incidence rate ratios for adverse events not categorized as drug related compared with control and intervention units pre-SIDR were 0.69; P =.22; and 0.53; P =.02, respectively. sistent with teamwork found in high-reliability organizations. 39, 40 Teams in such organizations are characterized by their ability to work consistently and effectively over time in complex, dynamic environments while enduring high levels of stress. 41 On a practical level, SIDR establishes a forum for the exchange of critical clinical information, collaboration regarding the plan of care, and opportunities to detect and correct errors. These collaborative interactions allow for closed-loop communication, performance monitoring, collective orientation, planning, and team self-correction, among techniques found to enhance team performance. [39] [40] [41] Our study has several limitations. First, it reflects the experience of an intervention in a teaching service unit in a single hospital. We used a concurrent and a historic control in an effort to minimize the effect of potential confounders. Our results were consistent in each comparison, but larger studies will be required to test the reproducibility and generalizability of our findings. Second, our evaluation of AEs was limited to the information available from the medical record. Direct observation and/or interview of health care professionals may have provided important additional information regarding errors and AEs. Third, because the electronic medical record used during medical record abstraction included information regarding dates and hospital unit assignment, we were unable to mask medical record abstractors with regard to patient unit or study time period. Physician reviewers of potential AEs were masked to unit and time of care. The lack of masking at the medical record abstraction stage may bias our study toward finding a positive effect of the intervention. We assessed the performance of the initial stage of our medical record review method by conducting duplicate abstractions and ratings for a random sample of patients and found good interrater reliability for screening of potential AEs and excellent interrater reliability for the presence and preventability of AEs. Fourth, patients were not formally randomized to study units, resulting in small differences in patient characteristics between units. We conducted multivariable regression analyses in an effort to control for confounding due to differences in patient characteristics. Finally, the low number of serious AEs in our study precluded our ability to detect a difference in serious or serious and preventable AEs as a result of the intervention.
In summary, SIDR resulted in a lower rate of AEs in a medical teaching unit. Future efforts should assess the effect of SIDR on AEs of serious clinical severity and whether the intervention reduces the rate of AEs when implemented on a broader scale. 
